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a B S T r a c T
BACKGROUND: To measure the impact of training models on injury incidence, data of health and performance were integrated to study fiber 
adaptation during a competitive season. We studied football players over a season, analyzing hours of exposure to sport by serum changes in fast 
and slow myosin, creatine kinase and lactate dehydrogenase.
METHODS: A new assay was developed to measure the myosin isoforms in 49 non-sporting volunteers and in 27 professional football players.
RESULTS: Myosin isoforms in volunteers with mean ages of 30±8 were 1553 µg/L fast and 1284 µg/L slow; in the group with of 56±7 were 
1426 µg/L fast and 1046 µg/L slow. Slow myosin was significantly lower in older subjects (-18%). Samples from the players in preseason had 
lower mean scores for fast myosin (1123 µg/L) and higher for slow myosin (2072 µg/L) than reference volunteers. During the season, myosins 
reached the maximum with the maximum load (1537 µg/L fast, 2195 µg/L slow but decreased and adapted to the high level of demand (425 µg/L 
fast, 1342 µg/L slow). CK and LDH were maximal at the pre-season (227 U/L, 333 U/L) while myosin levels were maximal at the beginning of 
season (1537 µg/L, 2195 µg/L).
CONCLUSIONS: Measuring serum myosin isoforms we identify the type and amount of damage caused by training and matches, making it a 
new control tool capable of advising training towards a minimum of blood slow myosin but controlling the fast fiber participating and be able to 
improve the performance of the players.
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professional football schedules are characterized by a high frequency of competitive matches in which each 
outfield player covers a mean distance of 10-12 km. To 
get the good efficiency they combine low speed walking/
running displacements with short-term high-intensity run-
ning and sprinting that can exceed 23 km·h-1.1 The most 
frequent injuries occur ankle, knee and hamstring.2-4
In the pre-season, rectus femoral strains injuries (29%) 
are more frequent than biceps femoral injuries incidence 
(11%), composition (47, 1% fiber type I and 52, 4% fiber 
type ii)5 but during the season, the risk of injury to poste-
rior thigh muscles is higher.3, 6 overall, hamstring muscle 
injuries are the most prevalent, accounting for 12-16% of 
all injuries.7 The fiber structural damage can be produced 
by the collisions and the metabolic stress from prolonged 
high-intensity exercise that contribute to tissue damages in 
the players. Hamstrings muscle fiber composition may be 
predominantly fast-twitch8 and could explain the high in-
cidence of hamstrings strain injuries.5 however, our under-
standing of hamstrings fiber morphology (size and composi-
tion) and how this relates to contractile function is relatively 
limited. Since the human muscles all have a composition in 
fast and slow fibers, relatively similar in composition,9 but 
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capacity and restriction of movement.19 Because muscle in-
juries are the most prevalent in football, and because their 
prevention is a major challenge of sports medicine,20 myo-
sins may prove to be very useful diagnostic tools for distin-
guishing the type and severity of injury. However, Western 
blot technique used until present is a slow assay, not very 
sensitive so their research was limited by the long time to 
obtain results to diagnose skeletal muscle injuries.
The aim of this study was to examine the changes in fast 
and slow myosin serum concentrations during a football 
season, using a new methodology able to get better results 
to help and optimize diagnose earlier. We hypothesized 
that the use of serum myosin isoforms as muscle mark-
ers would reflect the muscle’s response and adaptation to 
training and competition more accurately than traditional 
biochemical markers. The usual use of these markers in the 
periodic medical check-ups during a competitive season 
can indicate whether the hours of exposure and the speci-
ficity of training contents should be modified. A previous 
and quick diagnosis, knowing the type of fibers affected 
can help the prognostic and evolution of a more important 
injury and advice on an action on the design of the training 
for each particular player.
Materials and methods
Materials
Monoclonal anti-myosin fast antibody (Sigma M1570); 
monoclonal anti-myosin slow antibody (Sigma M8421); 
Purified pork myosin (Sigma M0273); polyclonal rabbit 
antibody (Sigma M7523); Anti-anti rabbit antibody linked 
to peroxidase (Sigma A6154); superblock blocking buffer 
(Thermo Scientific 37515); Standard phosphate buffered 
saline, 10mM, ph 7.4 (pBS); tween 20 (Sigma p7949); 
TMB luminescent peroxidase substrate (Sigma T0440); 
polystyrene plate (corning 3591) and Vacutainer® tubes 
(ref.: 367783). In addition, we used the following reagents: 
K2hpo4 (Merck 105104), Kh2po4 (Merck 4873), NaCl 
(Merck 106404), and h2So4 (Merck 100731).
Participants
forty-nine healthy volunteers (26 males and 23 females, 
(aged 20–66 years; mean age 44±14) attending the catalan 
Blood Donor Unit participated in the experiment and were 
the reference group to get normal results according the new 
method used. They did not practice any sport the two weeks 
before experiment. Their informed consent was obtained.
In addition, we enrolled 27 male professional football 
status of the whole team and the individually players during 
training and competitions in order to schedule them.
Professional football teams apply biochemical monitor-
ing extensively. However, traditional blood analysis only 
provides limited information about physical muscle strain 
and overload, or about acute muscular response and adap-
tation to exercise and injury. Creatine kinase (CK) as very 
well know muscle marker helps to understand the mecha-
nism of fatigue and health status.10 Meyer and Meister11 
and Nédélec et al.12 assessed a good role of CK as a bio-
chemical marker of muscle response to football training 
and competition. They are not fiber-specific; although 
their levels are higher in type II fibers.13 in general, they 
cannot be associated with either fiber type14 but help us to 
know the normal or damaged state of the fibers. Normal 
people without any injuries detected by ultrasonography 
and magnetic resonance showed serum CK around 102±8 
U/L. When damage was not determined neither by ultraso-
nography nor by magnetic resonance but it was classified 
as Grade I the CK corresponded to 202±22 U/L. Grade II 
and iii show higher cK in serum.15 lactate dehydrogenase 
(LDH) behaves similarly to CK, but it has not proven to be 
a better marker than CK.
Guerrero et al.15 have demonstrated the use of fast and 
slow myosin as markers of injury. These myosin isoforms 
are ideal for studying the grade of fiber injury because fast 
myosin is characteristic of fast muscle fibers only and slow 
myosin is specific to slow and cardiac muscle fibers.15 
Sorichter et al.16 described that myosin (slow isoform) was 
present in serum from one to nine days after induced injury. 
Guerrero et al.15 successfully applied a Western blot tech-
nique for the assessment of fast and slow myosin isoforms 
in sportsmen who suffered skeletal muscle injuries detected 
by ultrasound and/or magnetic resonance. They show that 
the use of myosins as muscle marker was particularly valu-
able and sensitive for diagnosing grade I muscle injuries, 
which are usually difficult to diagnose through magnetic 
resonance and ultrasound, because mild injuries were main-
ly associated with fast-twitch fiber injuries. Later Carmona 
et al.17 have shown that fast myosin isoform increased in 
the serum after inertial concentric-eccentric exercise only, 
while mountain ultramarathon competitors showed a selec-
tive increase in the slow isoform.18 consequently, it may 
be possible to use these markers to distinguish between in-
jury in fast and slow fibers, and to classify muscle injuries 
by severity. Specifically, myosins may help identify mild 
(grade I) muscle injury (strain/contusion), as stated above, 
which reflect a tear of only a few fibers that is accompanied 
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three times with PBS and incubated at room temperature 
with 50 µL of TMB substrate for the luminescent reaction 
of the peroxidase. After 7-10 min the reaction was stopped 
with 50 µL of 2M H2So4, and the plates were placed on a 
Synergy 2 reader (Biotek®) to measure the absorbance of 
each well at a wavelength of 450 nM. Microsoft Excel car-
ried out data processing. Purified myosin used as standard 
had a composition of 50% of fast myosin and 50% of slow 
myosin,22 since it has a similar typology to human muscle.
Recovery was not calculated because recovery tests are 
used to determine whether assays are affected by the dif-
ference between the diluent used to prepare the standard 
curve and the sample matrix. In our case, the diluent used 
to prepare the standard curve was a serum that had been 
previously analyzed, and for which we knew the original 
myosin content.
Other blood biochemical analysis
CK and lactate dehydrogenase (LDH) were analyzed by 
an ADVIA Chemistry 2400 analyzer (Siemens Healthcare 
diagnostics, Tarrytown, uS), according to the manufac-
turer’s instructions.
Hours of exposure
Total hours of exposure were measured during the pre-
season (defined as the period between player’s holidays 
and the start of official competitions). During this period, 
training usually occurs in which new players are evaluated 
and techniques and strategies are tested. Then, we mea-
sured the total hours of exposure during the season (of-
ficial competition period). Each value was analyzed and 
expressed as the sum of training sessions and match hours 
completed.
The training season was subdivided into 3 large mac-
rocycles. The first macrocycle was in the first three weeks 
with an ATR (accumulation-transformation-realization) 
design and the second and third macrocycles through a 
classic periodization. The total sessions were 9. Each ses-
sion included aerobic exercises, mobilization, stretching 
and technical exercises with the ball. There was speed 
work with the ball and specific exercises for each player 
position (anaerobic gestures).
Statistical analysis
Data are expressed as means±standard deviations. The dis-
tribution of each variable was analyzed by the Shapiro–
Wilk test. Values of cK and ldh twice the mean value 
(approximately 400 U/L) were excluded, because the study 
players (mean age, 24±4 years; height, 179±6 cm; weight, 
74.8±6 kg) from Sporting Gijon Club, a top-level Span-
ish league club. The football players were analyzed every 
two months at 6 predefined medical check-ups during a 
competitive season. all participants were informed of the 
nature of the programmer during the pre-season and all 
gave their consent to participate.
The Ethics Committee for Human Experiments of Gijon 
university and Barcelona university (Spain) approved the 




For analysis, we obtained 2 mL of blood from partici-
pants. In the case of football players, blood was obtained 
in the pre-season and at different points during the season. 
Samples were obtained by standard venipuncture from the 
antecubital vein in a Vacutainer® tube and centrifuged at 
2000 × g at 4 ºC for 10 min to obtain serum. The serum 
was then stored at -80ºC for later analysis.
Muscle fast and slow myosin assessment by enzyme-linked 
immunosorbent assay
Quantification by the enzyme-linked immunosorbent as-
say (eliSa) sandwich test was performed as follows. 
Monoclonal anti-myosin fast and slow antibodies (400 ng 
and 300 ng, respectively) were coated onto a polystyrene 
plate, dissolved in 100 µL of PBS and stored overnight 
at 4°c. plates were then washed with pBS (added with 
0.05% Tween 20; PBS wash) and blocked with Superblock 
during 1 h of incubation at 37 °C on a stir plate. A second 
pBS wash was performed.
The calibration curve was performed with six different 
concentrations of purified pork myosin, containing both 
fast and slow myosin dissolved in control human serum 
diluted in PBS (1/11). The six concentration points were 
between 0 ng and 250 ng of myosin protein.21 We loaded 
10 µL of each serum sample into plate wells in triplicate, 
and the plates were incubated and stirred at 37 °C for 1 
hour and washed three times with pBS.
To close the sandwich ELISA, the polyclonal rabbit an-
tibody (1/500 diluted in superblock blocking buffer) was 
added, and the mix was incubated while stirring for 1 h 
at 37 °c. plates were then washed three times with pBS 
and incubated with an anti-anti rabbit antibody linked to 
peroxidase (1/500 dilution in Superblock blocking), and 
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match hours analyzed) are shown in Figure 2. In the pre-
season, players were exposed to around 20 h of training 
and competitive play per month, and 52 to 72 h per month 
during the season (P<0.001). There were significant differ-
ences between hours of exposure during the season, par-
ticularly for the break at Christmas and the break at the end 
of the season.
The evolution of myosin markers during the pre-season 
sought to compare how the hours of exposure related to se-
rum biochemical indicators under conditions in which in-
jury was not suspected. After excluding these values, 5.7% 
of the study data were eliminated, and the data samples for 
LDH and CK met the requirements of a normal distribu-
tion according to the Shapiro-Wilk test. For variables that 
did not comply were assessed using Student’s t-tests. one-
way repeated measure analysis of variance was performed 
after analyzing the effect of time on workload in relation to 
the serum markers (fast and slow myosin, ldh and cK). 
When a significant main effect was detected, comparisons 
were performed using paired t-tests with Bonferroni cor-
rection. Correlation between variables was also assessed 
by the Pearson correlation test. Effect sizes (ES) and 90% 
confidence intervals (lower limit:upper limit) were cal-
culated to assess the difference between 2 group means. 
Threshold for eS values were 0.2, trivial; 0.6, small; 1.2, 
moderate; 2.0, large; 4.0, very large; and>4.0, extremely 
large.23 all statistical analyses were conducted using iBM 
SpSS, Version 22.0 (iBM corp., armonk, Ny, uSa).
Results
The characteristics of the ELISA calibration curves were 
prepared with pork myosin. The slope average for the cali-
bration curve was measured with 20 repetitions, giving re-
sults of 0.0029±0.001 for slow myosin and 0.0016±0.0004 
for fast myosin. The correlation index (r) was near maxi-
mal for both slow (r2=0.99) and fast (r2=0.98) myosin. The 
calibration curve showed a very good linearity (80% for 
fast myosin and 90% for slow myosin). The intra-assay 
coefficient of variation (CV %) was assayed using three 
different samples (low, medium and high) and measured 
12 times each. The CV was below 11% for fast myosin and 
below 6% for slow myosin.
The reference values for the reference population of 
healthy blood donors are shown in Figure 1. Fast and slow 
myosins were determined in the blood of adult volunteers 
and were balanced in terms of age and sex. These results 
permitted further comparisons with the results obtained in 
the study of myosin isoforms in the serum of the football 
players. The study met the requirements of normality, re-
sulting in the mean fast and slow myosin values: for the 
group aged 20–44 years (young group), the values were 
1553 and 1284 µg/L serum, respectively; and for the group 
aged 45–66 year (older group) the values were 1426 and 
1046 µg/L, respectively. Slow myosin levels were signifi-
cantly lower in older subjects (-18.5%, P<0.05).
The total hours of player´s exposure (training plus 
figure 1.—fast and slow myosin values in the reference population.
The results are means±SD. Fast and slow myosin are expressed as µg /L 
serum. CK is expressed as U/L serum (CK activity). The black symbol 
indicates statistical significance (P<0.05).
Figure 2.—Hours of exposure per time period analyzed. They are ex-
pressed as training plus match hours (mean±Sd). The dashed line indi-
cates the end of pre-season and the beginning of the season. The white 
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Table II shows the fast/slow myosin ratios for the 
reference and football players groups. In the reference 
groups (volunteers), the ratio was 1.21 for young subjects 
and 1.36 for older subjects. Among the football players, 
it was around 0.5 at the beginning of the pre-season and 
rose to 0.7 when exposure increased significantly in Sep-
tember.
Discussion
Compared with myosin analysis by Western blot, the 
ELISA shortened the time to obtain results from 48 to 4 
hours. The eliSa method also allowed the processing of 
26 samples in triplicate at the same time, making it much 
more economical than Western blot and more suitable for 
periodic testing of football players and other sports play-
ers. Moreover, the method we tested had very good sensi-
tivity and reproducibility. To the best of our knowledge, 
this is the first study to use ELISA to quantify fast and 
slow myosin isoforms in the sera of players from an entire 
professional football team, and to determine whether this 
relates hours of exposure to training or playing.
The reference group showed no differences in sex or 
age for fast myosin, but there were significant differences 
in the slow myosin isoform between age of the younger 
(20-44 years) and older (45-66 years) volunteer’s groups. 
The loss of slow fibers may be either due to the more sed-
entary lifestyles or to a loss of slow muscle fibers in the 
older group.
Comparing the results of the football players with the 
reference population, football players had lower mean 
scores for fast myosin and higher mean scores for slow 
myosin. Fast:slow myosin ratio reflected these differences, 
which was always lower than that in the reference young 
and the official season is shown in Table I. Fast myosin 
concentration in serum decreased significantly in the first 
weeks of the pre-season, from July to August (-46.6%, 
P=0.02), but it increased significantly at the beginning 
of the competitive season, from August to September 
(+61%, P=0.01**). The comparison of fast myosin from 
September’s to November, fell by 49% (P=0.02*), to 
January 68% (P=0.01**), and to March 72% (P=0.01**). 
Slow myosin showed a similar pattern. Slow myosin fall 
significantly during the competitive season from July to 
January (-47%, P=0.01**), and there are significant differ-
ences between August and September (-36%, P=0.033*) 
and September and January (-50%, P=0.008**). Clear 
decreases were observed in both fast and slow myosin 
serum concentrations during the season, when the hours 
of exposure stabilized, rose, or fell only slightly. Signif-
icant differences were found in mean cK levels in the 
pre-season, between July and August (+49%, P<0.05) and 
in the transition from pre-season to the season from au-
gust to March; (-34%, P=0.05), but eventually returned to 
the baseline values. Significant differences in LDH were 
found in the pre-season (+14%, P<0.001) and between 
July and November (+12%, P=0.04), but, the values re-
turned to baseline.
Table I.— Levels of serum muscle markers during pre-season and season.
preseason Season

















































Data are expressed: myosin as µg of myosin/L of serum; CK and LDH as: Units /L of serum; ±SD.
ES: effect size; CI: confidence intervals.
Mean values with unlike letters were significantly different (P<0.05)
*statistical significance (P<0.05) and ** statistical significance (P<0.01)
Table II.— Fast and slow myosin values, and their ratio.
participants fast Slow fast:Slow











Football team July 1123±594 2072±1018 0.54
Football team September 1537±899 2195 ± 939 0.70
Football team January 494±283 1097±572 0.45
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begins to break down, releasing myosin into the blood. 
This is important because the increase in membrane per-
meability is easily recoverable, but disorganization of the 
sarcomere, if persistent, leads to fatigue, which is recov-
ered only after more than 3 days of rest.24
The clinical practice Guide25 recommend the use of 
myosin isoforms as markers of fiber damage in. This adds 
a new tool for training and adjustment programmers to 
improve the efficiency of physical preparation for com-
petition in football and other sports.26 our new eliSa 
technique for measuring myosin isoforms as markers of 
incipient injury is the easiest and quickest way to detect 
early modifications in sarcomere structure in fast and slow 
fibers. Sarcomere disorganization is a first signal of muscle 
fatigue and to detect it could help avoid the deterioration 
of damage during a competitive season. if used appropri-
ately, it could identify the impact of training and competi-
tive matches on each type of fiber, helping to control the 
degree of damage and avoid injury progression to grades 2 
or 3, which can sideline players during the season.
in turn, this can prevent sports losses and improve the ef-
ficiency of the sports club. The use of this measurement in 
medical check-ups during the competitive season can help 
personal training and improve performance in any sport.
in practice the measurement of serum myosins will 
help us detect a start of fatigue in the course of training. 
It would be unnecessary to use it when more important 
injures are already observed, which are easily detected by 
other methods.
Our results show that the Gijón team followed a very 
convenient training to minimize damage but at the same 
time they show it could improve their training design to 
get better results in their league competition.
Limitations of the study
A limitation of our methodology is that the extent of dam-
age or injury affecting muscle fibers takes between 24 and 
48 hours to appear in the serum, delaying diagnosis. How-
ever, the stability of myosin in serum allows analysis of 
damage after more than a week.
Conclusions
eliSa technique easily measures myosin isoforms in se-
rum and indicate muscle fiber damage by hours of expo-
sure. Their use allows practitioners to identify the type and 
amount of muscle fiber damaged based on the type and 
intensity of sports training and matches. Therefore, it may 
be a reliable control tool for trainers and medical staff.
population (ratio 1.21) among players (ratios 0.54, 0.70, 
0.45). These data may indicate that training and competi-
tive matches enhance the performance of aerobic fibers.
individually, none of the players who had higher myo-
sin values at the beginning of the season had higher val-
ues in the following controls, indicating that any minor 
damage they may have sustained early on did not progress 
(results not shown).
analysis of fast and slow myosins in the pre-season 
(during training in august) showed that there was no 
damage of the sarcomere structure in any fiber type. By 
contrast, at the beginning of season when tactical and/or 
physical training started both fiber types were damaged to 
different extents, as indicated by the fast: slow ratio. When 
the hours of exposure increased at the beginning of the 
season (September), the fast fibers suffered more damage 
than the slow fibers, with the highest fast and slow myosin 
values coinciding with the start of the season and the peak 
hours of exposure. This may indicate the presence of mus-
cle damage that dissociates sarcomere proteins involved in 
contraction. Thereafter, levels of both myosin isoforms de-
creased significantly despite the same exposure, indicating 
an adaptation of the muscles to training and competition. 
The moderate correlation between the two-myosin mark-
ers indicates that the mechanism of damage on the sarco-
mere structure is the same in both types of fiber of football 
players in that performance.
CK and LDH, both very well-known biochemical mus-
cle markers, were analyzed at different points during the 
competitive season and pre-season. during pre-season 
(August) activities of both CK and LDH increased sig-
nificantly, indicating that the cytoplasmic membrane was 
damaged at that time (Table I). By the end of the season, 
however, CK and LDH activities returned to baseline. The 
high moderate correlation between CK and LDH could in-
dicate that both markers appear in the blood at the same 
time in the pre-season and season, and are the first serum 
markers to appear when muscle workload begins. They 
show an onset of myofibrillar disruption and an inflam-
matory process located in the fiber membrane before the 
sarcomere disruption.
The use of cytoplasmic enzymes (CK and LDH) and 
sarcomere proteins (myosins) as markers of muscle fiber 
damage may help understand the different stages of a com-
petitive season associated with increased hours of expo-
sure. In the first stage, the cell membrane damage leads 
to the release cytoplasmic low molecular weight proteins 
(CK, LDH) into the blood. In the second stage, if the de-
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